ABSTRACT
INTRODUCTION
Bacterial endometritis is the most common cause of subfertility and inflict major losses on the equine breeding industry, occurring in 25-60% of barren mares (Card, 1997 and Nikolakopoulos and Watson, 1999) . The uterine infections often cause endometritis (Albihn et al., 2003) . Previous studies demonstrated that the most common bacterial causes of uterine infections include Streptococcus equi subsp.
zooepidemicus, Escherichia coli, Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas aeruginosa, Bacteroides fragilis and Bacteroides ureolyticus (LeBlanc, 1999 and Szeredi et al., 2003) . Ultrasonography has proven a valuable diagnostic tool of endometritis since it has been demonstrated that intrauterine fluid accumulation during diestrus is associated with endometritis (Watson, 2000; Pycock, 1999 and LeBlanc, 2003) . For clinicians there is a need of rapid microbiological diagnosis so that adequate treatment of the infection can be performed while the mare is still in oestrus (Ricketts and Mackintosh, 1987 and Ricketts, 1989) . Antibiotics are one component often used in the treatment of endometritis (Perkin, 1999) . In this study, endometritis in mares was diagnosed by the use of ultrasonography, coupled with bacteriological examination of the uterine contents and antibiogram for the isolated organisms. The purpose is to provide an update on bacterial isolates in uteri of mares with fertility problems in Cairo region, Egypt, with the corresponding effective antibiotics.
MATERIALS AND METHODS

2.1-Mare:
18 repeat breeder mares with fertility problems were examined during end of Jan 2012 to May 2015 resident on Al-Zahra stud for Arabian mares, Egypt. The average age for these mares was 9 to 24 years old.
2.2-Experimental protocol: 2.2-1-Ultrasound examination:
Sonographic evaluation of genital tract was done to determine uterine tone and presence of uterine fluid. before scanning, the mare was completely secured and/or injected with mild tranquilizer (xylagect), stool was evacuated from the rectum and then the protected and fully lubricated transducer was used gently to scan the genital system using real-time, Bmode ultrasonography, using multi-frequency and auto adapted frequency linear array transducer with 7.5 MHz central frequency was used. Each mare was scanned via transrectal route to identify the cervix, uterine body, two horns and the two ovaries. The shape and echotexture of the different layers of the uterine wall (perimetrium, myometrium and endometrium) were monitored. Also the nature of the uterine content (clear, turbid and pus) and the amount (scanty, medium and large) also recorded.
2.2-1-1-Grading of the nature of uterine content:
The accumulated intrauterine fluid was graded ultrasonographically according to echogenicity into grade Ι anechoic black, grade II hypoechoic with hyperechoic particles and grade III moderately echogenic; the most one detected was grade I intrauterine fluid accumulation accompanied bacterial endometritis.
2.3-Sampling
The external genitalia were washed twice with iodo povidone 0.1% and dried. Double-guarded, occluded swabs were introduced in the uterus through the cervix by a sterile gloved hand to minimize the risk of contamination by perineal and vaginal bacteria. Uterine samples were examined in the Animal Reproduction Research Institute (ARRI) for bacteriological culture and sensitivity.
2.4-Bacteriology
Each sample (swab) was inoculated into nutrient broth then was incubated at 37°C for 24 hrs. For selective isolation of salmonella, the incubated broth samples were inoculated into Selenite-F-broth tubes and incubated at 37°C for 14-18 hrs (Quinn, Mankey, Carter, Donnelly and Leonard, 2002) . Aloopful from the incubated nutrient broth tubes were streaked on to plates of the following media: (Cruickshank, Duguid, Marmion and Swain, 1975) nutrient agar, sheep blood agar, macconkey agar, Mannitol salt agar. While for salmonella, the incubated Selenite-F-broth was streaked on to S.S. agar and Brilliant green agar media. The inoculated plates were incubated at 37°C for 24-48 hrs. The incubated plates were examined for colonial morphology, hemolysis on blood agar and pigment production on nutrient agar, as well as characteristic on S.S. agar, Brilliant green agar and Mannitol salt agar. The selected colonies were picked up and transferred into nutrient agar slopes, then were incubated at 37°C for 24 hrs for farther identification.
2.5-Identification of the isolated bacteria
Microscopical examination, smear from isolated bacteria were prepared and stained with Gram's stain. Biochemical identification of the recovered isolates: the isolated gram-negative organisms were subjected to further biochemical identification using different biochemical tests according to koneman, Allen, Down well and Sommers (1992) and Quinn et al. (2002) 2.7-Antibiotic sensitivity test: (Forbes, Sahm and Weissfeld, 1998) A colony of the organism was transferred and emulsified into a tube of sterile Muller Hinton broth and mixed well. The inoculated broth was incubated at 37°C for 24 hrs. The turbidity of the incubated broth was matched to be approximately equivalent to McFarland tube number 0.5. A sterile cotton swab was dipped into the broth suspension; the excess fluid was removed by rotating the swab with firm pressure, and then streaked on to the surface of Muller Hinton agar plate evenly. The inoculated plate was left for 5-15 minutes to dry. The selected antibiotic discs (Oxoid) were placed on to the surface of the medium and gently pressed on to the surface of agar using sterile forceps. The inoculated plates were incubated for 18-24 hrs at 37°C, and the diameter of complete inhibition zones were measured in millimeters using transparent plastic ruler. The determination by using in vitro susceptibility of the tested organism to a given antibacterial agent was determined as sensitive (S), intermediate (NT) or resistant (R) according to the type of antibacterial agent used, the type of the tested organism and the standard diameter of inhibition zones. The interpretations of results of sensitivity were read according to National committee for clinical laboratory standards (2002).
2.3-Treatment design of experiment: 2.3-1-uterine lavage and ecobolic use:
During estrus all infertile mare (n=18) with accumulated intrauterine fluid were lavaged by gravity-driven instillation and removal of 2 to 3 liters of warmed (42° to 45° C) isotonic saline solution through a large-bore catheter (Blanchard, Varner, Schumacher, Love, Brinsko and Rigby, 2003 and Pycock, 2007) . Uterine lavage followed immediately by administration of oxytocin 25 IU i.v. (Knutti, Pycock, Weijden and Kupper, 2000 and Pycock, 2009 ).
2.3-2-Antimicrobial therapy:
The antibiotic used in our work as resulted from antibiotic sensitivity test. Enrofloxacin (Enroflx 5%) was used in 15 infertile mares for systemic treatment at dose 5.5-7.5mg/kg slow intravenous infusion with 24hr intervals for 3-5 successive days (Blanchard et al., 2003 and Kaartinen, Panu and Pyolara, 1997) . Gentamicin, 1000 mg (10ml of gentamycin 10%) buffered with equal volume of sodium bicarbonate and diluted with sterile saline or Ringer's solution to a volume of 50 ml used in other 3 infertile mares for intrauterine infusion for 3-5 days during estrus Causey, 2009 and Causey, 2007) .
2.3-3-Sexual rest:
After treatment one heat was missed to enable the inflammatory response to subside (LeBlanc, 2008) . On the second heat mares were bred through natural mating.
2.3-4-Ultrasound examination of treated mares:
After sexual rest all treated mares were conducted for reproductive ultrasound examination to detect the efficacy of treatment. Ultrasonographic absence of fluid accumulation is useful indication of treatment success and mares may be breed as soon as signs of inflammation have resolved (Causey, 2007) .
2.3-5-Ultrasound examination of pregnancy:
Treated 18 mares were examined for pregnancy through ultrasound examination at 18 days after service a positive diagnosis was based upon the identification of an embryonic vesicle and reexamined at 45 days of pregnancy to detected embryo proper and reexamined the fetus in advanced pregnancy.
RESULTS
Ultrasonographic finding of the uterus of mares suffered from endometritis:
Intrauterine fluid accumulations were detected in all uterine infectious mares during ultrasound reproductive examination and these mares' diagnosed bacterial endometritis after uterine culture thus the accumulation of the fluids inside the uterine lumen were very typical of mares suffered from endometritis. Ultrasonographic characteristic of a fluid filled uterine horn in cross section of mare suffered from endometritis appeared in Fig.1 . The outline of the fluid accumulations typically stellates or star shaped and endometrial folds bulge into the uterine lumens which contain abnormal fluid accumulation and the wall of uterus appeared wavy image. The accumulated intrauterine fluid was graded ultrasonographically according to echogenicity into grade Ι anechoic, II Hypoechogenic with hyperechoic particles and III moderately echogenic; (Table 2) .
Bacteriological examination
Effect of treatment on the uterine bacterial infection mares of the experiment:
Out of eighteen mares which were diagnosed by ultrasonography and bacteriological examination as having bacterial uterine infection 8 (44.4%) were cured, became sonographically normal and diagnosed pregnant post coitus; whereas the other 3 mares (16.6%) were cured (sonographically normal) but did not become pregnant after single treatment. Meanwhile the 7 mares (38.8%) were not responding to this treatment. The isolated microorganisms Antibiotic of choice
Method of treatment
E.coli Ciprofloxacin Enrofloxacin
I/V infusion of mare with enroflox 5% (5.5mg/kg BW) once daily for 3-5 days together with uterine wash with saline and I/M injection of oxytocin.
K. pneumoniae Ciprofloxacin Enrofloxacin
K.oxytoca Ciprofloxacin Gentamicin
I/U injection of mare with gentamicin 1gm using saline once daily for 3-5 days after uterine wash with saline and I/M injection of oxytocin.
Staph.aureus Ciprofloxacin Enrofloxacin
Streptococci
Ciprofloxacin, Enrofloxacin
Cit.freundii and Staph.aureus
Tetracycline, Enrofloxacin
E.coli and K.pneumoniae
Ciprofloxacin and Enrofloxacin
E.coli and Provid. alcalifaciens
Enrofloxacin, Flumequin
E.coli and Cit.freundii Ciprofloxacin, Enrofloxacin
E.coli and Staph.aureus
Ciprofloxacin, Enrofloxacin
E.coli and Prot.mirabilis
Gentamicin, Flumequin I/U injection of mare with gentamicin 10% 1gm using saline once daily for 5 days after uterine wash with saline and I/M injection of oxytocin.. Fig. 3 showed ultrasonogram of mare uterine horn at the time of bacterial infection (A), after treatment (B) and in the early stage of pregnancy (C).
I/V= intravenous I/U= intrauterine
4-1 Ultrasonographic finding:
(A)
Cross section through uterine horn showing endometritis with large amount of echogenic uterine secretion and thickening endometrium with hyperechogenicity.
(B)
Cross section through uterine horn (arrows) for the same mare after complete treatment showing intimate contact of uterine layers to each other and no lumen.
(C)
Cross section through gravid uterine horn for the same mare showing echolaucent embryonic sac and echogenic embryo (arrow) at the bottom of sac at 40 days of gestation 4. DISCUSSION In the present study 18 infertile mares were found to be having bacterial endometritis diagnosed by ultrasound and uterine culture. Thus we concluded that bacterial endometritis remains a major clinical problem in broodmare practice. Also Nikolakopoulos and Watson (1999) and LeBlanc (2012) reported that bacterial endometritis is the most common cause of subfertility and inflict major losses on the equine breeding industry, occurring in 25-60% of barren mares. Intrauterine fluid accumulation during estrus and diestrus is the most commonly recognized ultrasonographic features in endometrial swab specimens collected from 18 infertile mares in the current work. Thus ultrasound has proven a valuable reliable tool for diagnosis of endometritis. Similar results were obtained by Watson (2000) and Burleson, LeBlanc, Riddle and Hendricks (2010) whose showed that ultrasonography has proven a valuable diagnostic tool since it has been demonstrated that intrauterine fluid accumulation during diestrus is associated with endometritis. In our work ultrasonographic characterization of intraluminal fluid accumulation in uterine horn of mares suffered from endometritis in cross section appeared as stellate shape, this pattern is caused by the endometrial folds which bulge toward the center of the uterine lumen and consist of an echoic base, the hypoechoic, and strongly edematous adluminal part, which is in accordance with Kahn (1994) and Newcombe (1998) they showed that the outline of the fluid accumulations in endometritis cases typically stellate or star shaped. In this study, a total of 18 double-guarded, sterile cotton uterine swabs from the endometrium have been used in the diagnosis of uterine infection from infertile mares and 100% of the intraluminal fluid accumulated examined mares by ultrasonography were positive at bacteriological investigations. Also Riddle, LeBlanc and Stromberg (2007) reported that endometrial swab for culture are common techniques for diagnosis of endometritis by detection of uterine pathogens. This supported the relationship of endometritis with bacterial infection in mares which first reported in 1924 by Dimock and Snyder. However, Nielsen (2005) hypothesized that the technique of endometrial swab may provide false negative results and he conducted study to compare between culture results from endometrial swabs and endometrial biopsies and found that bacteriological culture from endometrial biopsies would be a more sensitive procedure than culture from an endometrial swab. Our data in the present work suggest that E. coli was the microorganism most frequently associated with fertility problems in the mare and that Streptococci are the fourth most frequent. Further, E. coli seems to be more associated with repeat breeding mares. These results were very close to that obtained by Ghasemzadeh-nava, Ghasemi, Tajik and Shirazi (2004) and LeBlanc, Magsig and Stromberg (2007) . They found that E coli were the most common pathogenic microorganism isolated from the uteri of problem mares. However, the dominance of E. coli in our results is in contrast to studies from other countries, where ß-haemolytic streptococci have been the bacteria most commonly isolated in mare endometritis followed by E coli (Troedsson, 2004 and Frontoso et al., 2008) . S. aureus may cause fertility problems in the equine uterus (Frontoso et al., 2008) . This supported the findings of the present study of this species was the second pathogenic micro-organism isolated from the uteri of 18 problem mares. But Allen and Pycock (1989) and Asbury and Lyle (1993) concluded that S. aureus is a less common cause of endometritis. In the present study is also that well-known uterine pathogen such as K. pneumoniae was isolated from the uteri of problem mares. Also K. pneumoniae are relatively common isolates In the USA (Dimock and Edwards, 1928) but relatively rare isolates in the UK (Ricketts, Young and Medici, 1993) . Other Klebsiella oxytoca, Providencia alcalifaciens and Proteus mirabilis were found at lower frequencies in our study, which is in accordance with Frontoso et al. (2008) reports. Citrobacter freundii was isolated from the uterus of the infected mare in our work (2 isolates, 11.1%). Citrobacter spp. was considered one of infectious causes of infectious responsible for abortion in mares (Garg and Manchanda, 1986) . Frontoso et al. (2008) conducted retrospective study of bacterial isolates and their antimicrobial susceptibilities in equine uteri during fertility problems and found that among E. coli isolates enrofloxacin was the only of the 10 tested antibiotics for which no resistance was noted. These finding are in agreement with the results of the present study in which E. coli isolates were resistance to amoxicillin/clavulanic acid, ampicillin, cloxacillin, erythromycin, rifampicin and penicillin G. The highest susceptibility was observed for ciprofloxacin and enrofloxacin with 100% and 88.9% of the isolates being inhibited respectively. In the present work the two streptococcal isolates were sensitive to only 3 (ciprofloxacin, enrofloxacin and tetracycline) of 14 tested antibiotics, which is not in accordance with Shin et al. (1979) who found that all streptococcal isolates were sensitive to ß-lactam antibiotics. Also Albihn et al. (2003) stated that among the 31 ß-haemolytic streptococcal isolates resistance was most common to gentamicin and oxytetracycline. For S. aureus, ciprofloxacin and enrofloxacin was the most effective antimicrobial agent inhibiting 80% of the isolates in our work. Also, Frontoso et al. (2008) found that among the 26 S. aureus isolates, 96.2%, 92.4%, 92.3% and 88.6% of bacterial strains were inhibited by amoxicillin/clavulanic acid, enrofloxacin, gentamicin and rifampicin, respectively. In the present study the three K. pneumoniae isolates were susceptible to ciprofloxacin, enrofloxacin, kanamycin and gentamicin of 14 tested antibiotics. Pycock and Newcombe (1996) pointed out that bacteria remained within the uterine lumen and the inflammatory effects of these bacteria caused fluid to accumulate again, the uses of antibacterial activity may have been linked with the reduction of intraluminal fluid because the antibiotics reduced the numbers of bacteria and, therefore, the stimulus to produce fluid. Thus in the present study out of 18 infected uterine mares treated by the protocol of using uterine lavage with ecobolic use and intrauterine infusion or systemic use of an appropriate antibiotic, which is in accordance with Pycock and Newcombe (1996a) and Pycock (2007) . They reported that the pregnancy rate was highest in the mares given intrauterine antibiotics and oxytocin thus the treatment had two modes of action, namely, antibacterial activity and fluid drainage, which were complementary and the antibacterial activity may have been linked with the reduction of intraluminal fluid. in present study oxytocin used complementary with uterine lavage which is in agreement with other studies that reported by Pycock and Newcombe (1996a) ; Rasch, et al. (1996) ; Knutti et al. (2000) and Pycock (2009) . In this work during estrus infertile mare were lavaged with 2to 3 liters of warmed (42° to 45° C) saline or Ringers solution until the fluid that was recovered is clear for 2 to 3 days (Pycock, 2007) . Liu and Troedsson (2008) and LeBlanc and Causey (2009) reported that the use of antimicrobial intrauterine infusions is beneficial in cases of known bacterial growth causing endometritis this supported the using of appropriate antibiotics chosen in current study which based on the result of bacteriological culture. In the present study Ciprofloxacin and Enrofloxacin were the only antimicrobials to which the majority of common endometritis pathogens had no resistance but selection must be based not only on bacterial sensitivity but importantly also on the safety of that product within the intrauterine environment. Conventional intrauterine infusion of Enrofloxacin for treatment of endometritis in mares induced severe acute uterine mucosal necrosis and significant chronic endometrial fibrosis and inflammation. These results preclude the therapeutic usefulness of Enrofloxacin in this common and useful intrauterine protocol. Severe endometrial side effects could negatively affect the long term fertility of mares receiving this treatment (Rodriguez, Han, Nielsen, Pearson, Gay and Tibary, 2012) . On the other hand, Fumuso, Checura, Losinno, Soto and Sanchez, (2002) showed that Enrofloxacin may be a useful local treatment in mares with bacterial endometritis. Enrofloxacin could be an important component of non conventional therapies for endometritis treatment in mares (Gonzalez, Moreno, Fumuso, Garcia, Rivulgo, Confalonieri, 2010) . In cases where the pathogen is resistant to other antibiotics, systemic Enrofloxacin treatment is suggested by theriogenologists and practitioners as the treatment of choice for endometritis in mares at dose 5.5-7.5 mg/kg slow intravenous infusion with 24hr interval for 3-5 successive days (LeBlanc, 2008 and LeBlanc, 2009 ). This supported the using of Enrofloxacin systemically at dose 5.5mg/kg intravenous infusion for treatment of susceptible bacterial uterine infection in mares of present study. In the present study the 18 uterine bacterial infection mares were subjected to treatment protocol as previously discussed as 8 (44.4%) were cured, became sonographically normal and diagnosed pregnant post coitus; whereas the other 3 mares (16.6%) were cured (sonographically normal) but did not become pregnant after single treatment. Meanwhile the 7 mares (38.8%) were not responding to this treatment. In pervious studies it was found that, in subfertile mares, fertilization rates range from 81 to 92% (Ball, Little, Hillman and Woods, 1986 and Ball, Little, Weber and Woods, 1989) .
CONCLUSION
The key findings from this study of mares with a history of fertility problems were firstly: both bacteriological examination and ultrasonography are necessary for diagnosis of endometritis in repeat breeding mares. Secondly: E.coli was the overall most frequently isolated bacterial species in the current study. Thirdly: Ciprofloxacin and Enrofloxacin were the only antimicrobial to which the majority of common endometritis pathogens had no resistance. With respect to gentamicin which inhibit some isolated bacterial species of uterine infectious mares in present study. Systemic Enrofloxacin and intrauterine Gentamicin treatment was suggested as the treatment of choice for infectious endometritis suffered mares of the present study.
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